At some point you've likely heard a student in your introductory science course complain, "I don't understand what went wrong...I studied a lot for this test, knew all the material, and still got a poor grade on the exam." While talking with the student, you learn that his studying consisted of hours of reading, rereading, and highlighting the text and class notes a few days before the exam. How do we mentor this student to develop study habits that promote deep, long-lasting conceptual learning rather than surface-level, short-term memorization?

In the book *Make it Stick: The Science of Successful Learning,* authors Henry Roediger and Mark McDaniel, cognitive scientists specializing in the study of learning and memory, together with novelist Peter Brown, tell engaging stories of how people learn in a way that allows them to successfully apply their knowledge and skills. At the same time, they aptly introduce the scientific evidence for highly-effective learning strategies.

Throughout the book, the authors describe how some commonly-used study strategies are unproductive in the long term and suggest alternative, research-based learning strategies. For example, the student described above used massed practice to cram for an exam by rereading the text soon after the first reading. This gives one the impression of mastery of a subject because the text becomes familiar. In contrast, research indicates that this study method involves short-term memory rather than deep learning. A more beneficial study strategy that is supported by research is retrieval practice, which involves recalling information from memory. To implement this strategy, while reading a text, a student should describe main ideas in his own words, frequently ask questions about what was just read, self-quiz, and attempt to connect new ideas with what was learned previously. Although this recommended approach seems unproductive to the student because it is slower and requires more effort, retrieval practice that is spaced and interleaved (mixed with other topics) involves some forgetting, and the increased cognitive effort required to re-learn leads to higher levels of conceptual learning and application. Teachers can promote retrieval practice by asking questions during class and by implementing frequent announced quizzes. Moreover, if the quizzes are cumulative and include corrective feedback, students will be motivated to continually retrieve previous course concepts, helping with memory.

In addition to intertwining personal stories with relevant research on memory and learning, the authors provide a brief "takeaway" section of key ideas at the conclusion of each chapter as well as notes about the empirical research and references for further reading at the end of the book. The final chapter includes descriptions of instructors who find improvements in student learning from implementing the evidence-based learning strategies in the book, as well as a useful summary of learning tips for students, life-long learners (all of us), teachers, and trainers. For example, the authors recommend that teachers explain to students how people learn, teach students how to study, use frequent announced low-stakes quizzes and practice exercises that include both new and previously covered concepts, and include opportunities for reflection. In addition to clear benefits to the students, these strategies benefit the teacher as students display improved attendance, better class preparation, and improved attention during class. Furthermore, frequent quizzes provide valuable feedback on student performance for the teacher to adjust instruction. *Make it Stick* is an excellent book on learning and memory, and I recommend it for both teachers and students who want to better understand how learning occurs and how to study effectively.
